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A two-terminal rectifier circuit (200). uieful for coovening an Input a.c *ohag« into an output dc voltage, b formed , 
by a power MOSFET (201) which b controlled by a comparator (203) designed to turn on the MOSFET once during etc 1 - i 



4.C. cycle when the input e.c voluge b nearly equal tc iu peak positive value thereby generating a relatively high d.c out- 
put voltage, 
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XKPROVBItWTS IN OA RELATING TO MCTIfXB* CXACOXTS 
Background of the invention 

™"" Thia invention rtl«tu to rectifier circuit*. 

5 In the art of **miconductor electronic*, very 

large *cale integrated (VtSX) circuit* typically require 
power *ource* of relatively anall po*itiv* d.c. voltagee, 
in the paat typically about volts. Aa tlia integrated 
circuit art progres***, even amallar d.c. voltage* ara 

10 becoming typical. Xn many eituationa, however, tha only 
conveniently available power aourcaa ara a.c. voltage 
sources, typically having »ore than 3 volt paaka. For uaa 
by an integrated circuit requiring a power aupply of 3 
volta d.c, tha a.c. voltaga can ba etepped down by a 

13 conventional transformer to about 5 volta peak a.c, and 
thia 3 volt paak a.c. voltaga muet than ba convartad to 3 
volta d.c. to thia and, a **miconductor rectifier circuit 
can ba u**d, typically a paak detector diode arrangement— 
that ia, a pn junction dloda faadlng a capaeitlve load. 

20 One baaic problem in auch an arrangement arlaaa from tha 
forward junction dioda voltaga drop (about 0.7 volt or more 
in ailicon) ancountarad in auch a conventional paak 
datactor dioda arrangasant. Thua, for an input a.c. 
voltaga of paak ft • 3.0 volta, tha output voltaga ia lea* 

23 than about 4.3 volta, that ia, in tha range of about 0.7 
volt to 1.0 volt or more below E for aamlconductor 
junction* in ailicon. A* a coneequence, undaairably large 
power lo**e* reeult. 

ry of the Invention 

30 According to thi* invention a rectifier circuit 

include* a power tran*i*tor device having a firat high 
currant carrying terminal eerving aa a rectifier circuit 
output terminal, a s*cond high current carrying terminal 
aarving a* a rectifier input terminal, and a control 

33 terminal for turning the tran*i*tor device on and off, and 
a comparator having firat and aecond input terminal* 
connected to the rectifier circuit input and output 
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terminals reepectivcly for supplying control sign*! to^L 
the control terminal of the power tranaietor device to to 
the device on when the vol tig* at the circuit input 
terminal tiendi the voltage at the circuit output teraia 
5 loss a proscribed Mount. 
Description of ths Drawing! 

PXQ. 1 is s schematic circuit diagram of a priory 
art rectifier circuit arrangement; 

FXO* 2 is a schematic circuit diagram of a 

10 ractifisr circuit arrangement embodying the invention* and- 
FXO. 3 is a schematic circuit diagram of a 
raetifiar circuit arrangement embodying tha invention. 
Detailed Description ~£ 
A prior art approach, aa illustrated in FXO. 1,' 

IS taught in 'Improving Power Supply Efficiency with MOSPST 
Synchronous Rectifiers,* by U.S. tagan at al. Proceedings 7 ? 
of Power con 9, Slnth International Solid-State Power 
electronics Conference (July 19S2), Session D, Paper £-4, - 
pp. 1-3, at p. 4, sections 4.1-4.3. Briefly, a full-wave f 

20 rectifier circuit arrangement to includes s pair of power * 
noSPRa (Metal Oside Semiconductor field If feet Transistor 
101 and 102, each hereinafter called a • power PIT'. £ 
Secondary transformer windings 111 and 121, energised by * 
primary transformer winding 11, deliver a.c. input to tin 

25 power PSTs. Bach power PST is inherently connected in *f 
parallel with its inherent unidirectional current 
inhibiting diode character ia tic (indicated by dotted line* 
in PXG. 1), and each auch power PST is connected in a 
conventional diode peak rectifier arrangement with respec^ 

30 to the input supplied to secondary tranaformer windings 11 
and 121, reapectlvely, and feeds output power to a 
resistive load (not shown) connected in parallel with a 
capacltlve load C^. To reduce the forward diode voltage 
drop, aech power PST la turned on periodically by leans of 

35 a sample (feed-forward) of the a.c. input delivered to 
gate terminal of the PST* More •pacifically, the gate 
electrode of each power PST is fed input by an auxiliary 4 
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a.c. voltage developed by auxiliary eecondery transformer 
winding* ill and 122, respectively. Thereby one of the 
power TTt* (101) is turned on, and la maintained on, only 
in a tlae-nelghborhood o£ the paaX of to* a.c. Input cycle, 

S I.e., only when th« a.c input to at or near ita paak 

(maximum) value* and the other of the power rare ilW^to 
turned on, and ia maintained on, only in the neighborhood 
of each trough (alntoua) of the a.c. cycle. In this «ay»- - 
the output voltage l,,,^ developed aeroaa an output 

10 load hawing a capecltlvc loading C,, desirably does not 
suffer fro* a full forward diode voltage drop. However, 
the gate- to-sour ee voltage of the power m thus varies as 
(t^tjlslndtft), where B, and ftj are the peak 
voltages, respectively, delivered by the auxiliary 

15 transf enter windings to the gate and source of the power 
PET, where f is the frequency of the a.c. input, and t is 
the tine. Therefore, each turning on (and temporary 
remaining on) of the power FIT at and near the peak of each 
a.c. cycle, when ain(2»ft) approaebea ita naalmum value of 

20 unity, is not s sudden process, but is characterised by the 
relatively smooth and long transition characteristic of 
<a r t2>sin(2»ft) when ein(2tft) is approrimately equal 
to ♦!. Accordingly, undesirably large amounte of energy 
arelost in the power fit during each a.c. cycle because of 

25 relatively large currents flowing therethrough (during the 
slow transitions) during time Intervals when sln(ltft) is 
very nearly equal to ±1, i.e., intervals when the voltage 
drop aeroaa the PIT to not negligible. 

In another approach, taught by 8. waaben, in a 

30 paper entitled "FIT twitching Devlcea for Powering of 
Telecommunications Circuits," published in vrocoodlnqs of 
intelec 11, pp. 250-192, Third International 
Telecommunications inergy Conference (May 1981), a 
photoemitter (light-emitting diode) controlled the on-off 

35 condition of a photodetector which, in turn, controlled the 
on-off condition of a "power PBT" arranged in a 
conventional peak rectifier arrangement, i.e., an 
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arrangement of the povtr FST (with its inherent 
unidirectional current inhibiting diode- cbaracterietic)- 
feeding a capaoltive output load* specifically, the tlaij 
of the on-off condition of the photoemltter was arranged: 
control the tiling of the power PR In • MfM* similar ]S 
the timing dlecuaaed above in connection with FXQ. 1 • 
Rectifier operation reaulted in which voltage and power 
loaaee— otherwiee cauaed by aeni conductor" diode junction 
forward voltage dropa and by alow on-off treneitione of 
power FBT— could be reduced aubatantially. lowevcr, the ^ 
uae of the optical control technology (photoemltter a and * 
photodetectora) meane that the circuit was a three- term Ir 
device including ground (one optical terminal and two -J 
electronic termlnala) and entalla obvious dlaadvantagea l3% 
complexity and coat. . 

fXO. 2 ahowa a rectifier circuit arrangement ^Sft^ 
(half-wave portion) in accordance with thie invention 
delivering d.c. power to an output circuit terminal 232 i 
Including a treneietor device 201* ThAe . tranalator .de vl 
201 haa one of ita high current carrying termlnala 222 
connected to the rectifier circuit input terminal 231 and! 
another of ita high current carrying termlnala 223 
connected to the rectifier circuit output terminal 232. 
a.c. input voltage K^p^-WiM*'**) wppHed at 
the circuit input terminal 231 by eecondary traneformer 
windlnga 111. the tranalator 201 la advantageoualy a powe 
tranalator, that la, capable of handling power levela of 
the order of the power delivered to the circuit output 
terminal 232. Thie tranalator 201 typically la a power r» 
having an Inherent unidirectional current Inhibiting diode 
characterletlc Indicated by the dotted line therein. K 
firat unidirectional current inhibiting aemleonductor 
junction diode 0 r can be added in parallel with the 
tranalator 201 In caae thie tranalator lacka aufficient 
forward current handling capacity when it is off. X fire 
capacitor C 1 la connected between the firat diode D, 
and ground but it ahould be underatood that thie firat ^ 
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capacitor C, can be aaltted If tbe output 

capaeitanca (abowa la dotted lloaa) of tbe output. load 

circuit (not ebown) ia sufficient to aaootb out tba voltage 

at tbe output terminal 232. Ttua, tba firat dioda Oj, in 

S combination with tba tlrat capacitor C 1 (and/or tba 
output capacitance C^, for»a a conventional pea* 
detector and even ia tba abaanca of tba tranalator 201 
would aupply a d.c. voltage at tba circuit output terminal 
232t bowever, aueb a d.c. voltage aa auppliad by tba peak 

10 datactor la laaa tban tba peak B o£ tba a.e. input by an 
undaairably larga amount, tbat la, by tba aaount of tba 
forward junction drop in tba dioda 0 1 . To raduca tbla 
undaairably large aaount, tba tranalator device 201 ia 
added togetber witb control circuitry for controlling tba 

15 voltage at tba control teralnal 221 thereof. 

Tba on-off condition of tba tranalator 201 ia 
control lad by output froa tba comparator 203 developed at 
tba coaparator* a output teralnal 215 and delivered to tbe 
control teralnal 221 of tbe tranalator 201 . Tba coaparator 

20 203 baa a positive input taralnal 211 connected to tbe 
circuit input teralnal 231 and a negative input teralnal 
212 connected to tbe circuit output taralnal 232. Tbe 
negative input teralnal 212 la connected to a voltage level 
ablfter 204 which down-ahlfta tbe voltage level of tbe 

25 negative input teralnal 212 by a preacrlbed aaount • for 
coapariaon with tbe voltage level of tbe poeitlve teralnal 
211. Tbat la, tba output of tba coaparator 203 at tba 
coaparator output taralnal la relatively high when and only 
vben tbe voltage at tba poaltlve Input taralnal 211 plua 

30 tba preacrlbed aaount a aaceeda tbe voltage to^pot •* 
tbe negative Input teralnal 212. Tbua, tbe output of tbe 
coaparator abifte froa low to bigb wben Baln(2vft) goea 
blgber tban <i 0U TPUT" 9) ' « aeln(2.ft)*a esceeda 
l^^. a aacond Junction diode Dj and a eocond 

35 eapaeltor (C 2 ) are connected in aeriea acroee tbe circuit 
input and output taralnala 231 and 232. reapectlvaly. 
power for tba coaparator 203 ia auppliad at tbe 
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comparator's powar supply taninal 214 fro* a tanlnal_l 
located bttvnn the eocond junction diode Oj and the 
aacond capacitor C 2 . 

Zt should bo noted that tha diodaa 0 1 and bj 
5 togatber with tha capacitora C 1 and font a voltage 

multiplier (doublar) laddar arrangaaont 1 tha Hrdltif fi F^ 
tha multiplier' a output taninal 233, and hanca at tha 
comparator^ powar eupply taninal 214, nlative to 
ground, 1* equal to 2t ♦ Bain(2*ft) laaa tha sua of tha. .1 
forward dioda voltage drops ecroea D 1 and D^, and hanca $ ^ 
relative to tha circuit input taninal 231 # is equal to_2t 
laaa tha sun of tha forward dioda voltage drops across 0j. 
and 

Ourlng operation/ tha unidirectional diode 
characterlatlc (if any) inherent in the transistor davlee? 



10 



15. 



201 plus the unidirectional diode characterlatlc of the ~ 
first diode 0 1 , in combination with C t ♦ in a 



diode peak detector arrangement, bring the output voltage 



*OUTP0T 



at the circuit output taninal 232 to a ate ady 



Bain(2»ft) 
the translator device 201 turns 



20 d.c. voltage of I leas a forward diode junction voltage ^ 
drop (provided that C t ♦ is sufficient), typically- - ^ 
5.0 volte laaa 0.7 volt or mora, i.e., typically 4.3 volt* 
or less. Whan the voltage of * imm 

• Icttdi ^rooT 
25 on and brings the output voltage *QQ nm to 

substantially B-*. Hence, the translator 201 turns on wh ^ 

Bsln(2«ft) esceeda B-2e. For esaaple, if I • 5.0 volte 

cm o.l volt, then • volta inatead of the _ ~ ? : 

4.3 volte or leaa resulting frea the diode peak detecting^ 

30 arrangeaent alone. By adjuating a, the output can be 
correepondlngly adjusted. Bowevar, the value of 9 la 
aalacted to ba not too aaall, leat the tlae duration of 
on condition of the powar FBT be too aaall for dallverlng 
sufficient charge to the output taninal, and not too 

35 large, leat tha output vpltaga ba undesirably too auch 
lower than B. 

Pig. 3 shows a apeclfic aabodlaent of the 
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invsntion. particularly u to thi dstsils of a specific 
compsrstor. As shorn In FXG. 3, a rectifier circuit 
arrangement 300 (half-wave portion) having • circuit input 
terminal 331 and a circuit output terminal 332/ comprises A 
3 power FIT 301 with its source tsrminsl 322 co nnect s* 

to the circuit input tsrminsl 331, its drsin tsrmlnal 323 
connects* to ths circuit output tsrminsl 332 # And its gsts 
tsninsl 321 connected to an output tsrminsl 31$ ©f A . 
comparator 303. Ths power PET T1 has a threshold of about 

10 2.5 volts and inhsrsntly hss s unidlrsctlonsl current 

Inhibiting diode chsrsctsristic (indicated by dotted lines) 
which shunts ths source terminal 322 to the drain terminal 
323 of the power m (T t ). 

The purposs of ths comparator 303 is to deliver 

15 feedback to the gate of the power rrr to control its on-off 
condition suitably, ss mors fully described below. The 
compsrstor 303 has a power supply termlnel for receiving 
power from en output termlnel 333 of a volt Age doubler 
srrsngsmsnt. The voltege doubler comprises s psir of , 

20 cspscltors and C 2 oonnsctsd in s lsddsr 

configuration to s pAlr of unidlrsctlonsl current 
inhibiting diodes D 1 end Dj. 

Ths compsrstor 303 includss s switching trsnslstor 
T a , locsl transistors T 3 and T 4 , and rsslstors », 

25 and Rj. Ths switching trsnsistor T 2 is snhsncsment 

mode with a relatively sharp thrsshold of about 2.3 voltsi 
and ths transistors T 3 and T 4 , connected ss load 
dsvlces (gats shorted to sour cs), ars dsplstion mods with 
source-drain currents in ths ssturstlon rsgion (drsin- 

30 source voltage sbovs about 3 volts) of about 3 mllllsmps 
for sero gate voltages. 

The capacitance of C t can be aupplied by the 
output load capacitance Cj, itsslf or by sn added 
capacitor element such that the sum of C 1 snd ^ U 
% 35 squsl to ths gsts capacitance of ths power FIT multiplied 
by s fsctor of shout 3 or mors for sdvsntsgsous 
performance. Ths espscltsnce of C 2 is advantageously 
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supplied by an mldad capacitor alamant having a capadtanca 
of at laast 3 timas that of tha *ata capacitanoa of tha 4 
powar FIT. Tha dloda 0, U la parallal with tha inharant^ 
dloda eharactarlatlc (dottad Una) of tha powar fit. Thuai 
3 tha dloda D t la not aacaaaarlly praaant in tha circuit J 
300 aa a aaparata alamant but la ordinarily auppllad by tb~ 
Inharant dloda eharactarlatlc of tha potior PIT. Bowavar, 
in caaa a powar translator lacking auch a dloda ; 
eharactarlatlc la uaad lnataad of tha powar FIT, than an _ 

10 addad dloda alamant 0 1 la adwantagaoualy to ba addad aa a 
aaparata alamant. _ 

It ahould ba notad that tha circuit output 
tarmlnal la fad currant both by tha Inharant dloda of tha 
powar m and tha aourca-dralh path powar PIT itaalf if 

15 whan it la on, aa wall aa by tha dloda D,. Thua, tha 
voltaga t 0QTpoT at tha circuit output tarmlnal 332 la 
malntalnad not only by tha powar FBT but alao by tha diodaL 

0,. 7 
During oparatlon, aa aora fully, asplalnad balow, 

20 tha tranaiator T 2 i» off whan and only whan tha 

lnatantanaoua valua of tha a.c. voltaga at tha circuit ± 

input tarmlnal 331 la at or naar ita paak, that la, whan _ 

BfUMM ■ I«in(2aft) la aqual to or In axeaaa of 

input a _ 

B 00TF0T~*' *** iwitchln ^ tranaiator T 2 i« 

25 otharwlaa on. Thua, whanavar tha lnatantanaoua valua of 
tha a.c. Input voltaga Baln(2*ft) at tha circuit input 
tarmlnal 331 la at or naar ita paak valua and hanca T 2 I* 
off, than tha voltaga of tha gata alactroda tarmlnal 321 ©" 
tha powar FIT la drlvan by tranaiator load T 3 (acting aa ^ 

30 a currant aourca) to tha voltaga of tarmlnal 33? , l.a., to 
tha voltaga 28 plus tha voltaga at circuit input tarmlnal ~ 
331 laaa tha ralatlvaly small voltaga drop acroaa o 2 and 
accordingly tha powar FBT la than strongly on, alnca ita 
gata voltaga than axcaada its aourca voltaga by almost 21, 

35 l.a., almost about 10 volta (much mora than tha thraahold'? 
of tha powar FBT) • On tha othar hand, whanavar tha a.c. 
input voltaga la not at or naar ita paak valua, tha 
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switching transistor T 2 is on, as sxplalnad 
fully bslov r sad bsncs tbs gats vol tags of ths powsr Fit is 
than daapsd by T 2 to a valua bslov thrsshold of tbs 
power FIT, aora spsclflcally, ssssntially to tbs voltaga at 
5 ths circuit input tarwlnal 331 and bancs to tbs voltaga at 
ths sourcs tsrminal 322 of tbs powsr FIT 301. Thus tha 
powsr FBT is off wbsn ths a.c. input voltaga is not at or 
naar its psak. By v ssssntlally" bars is asant sscludlng 
ths ralativaly small voltags drop across ths rssistor Rj 

10 squal to ths currsnt through ths load T 3 multiplied by 
Rj. For a rsslstancs of R 2 squal to typically about 
200 ohis or lssa, this voltags drop across Rj Is thus 
squal* to about 0.6 volt or lsss# and this aoovanlshlng 
rssistancs rsducss ths voltags aacuralon of ths gata of ths 

15 powsr FR during sach a.c. eye la and bancs rsducss tbs 
powsr loss in ths gata circuit of tba powsr FR. If auch 
powsr loss is unimportant; R 2 can bs aada squal to ssro. 
Zn My svsnt,. tbs drop acroaa 14 should bs snail snougb 
to kssp ths powsr FIT off sbsn T 2 1» on. 

20 During opsratlon, ths switching transistor T 2 

turns off (and bancs ths powsr FIT T, turns 00) at a tlas 
t 1 wbsn ths voltags at ths gata of T 2 (and bancs ths 
voltags st tsrsinal 316 of rssistor R, ) sttalns a valua 
which is squal to tns in»i«ntan*ous a c input voltags, 

25 Ihpot • l«in(2vft 1 ) plus a thrsshold voltags v t 

of T 2# i.a., wbsn tbs voltags at tarainal 31f attalna 
laln(2tft|) ♦ V T . On tha othar hand, ths voltags at 
tarminal 31 % U squal to * OOTpoT ♦ **i ' A *» 

ths currsnt suppllsd by ths load T 4 . Sines ths output 

30 voltags ^q^^ Itaalf is squal to l-v, it follows 

that ths switching translator T 2 turns off at a tins t 1 
wbsn lsln(2«ft t ) ♦ V ? • I - 0 ♦ iR, . i.s., at a tias 
tj whsn: 

35 lsln(2tft 1 ) - I - 9 ♦ iR, - V T (1) 



Likswlss, aa tha a.c. input voltags subssqusntly 
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dacrsaaas from its pa a* B, tha switching transistor T 2 
turns on at s tins 4 whan tha a.c. input vol tag a falla ^ 
(from tha peak) to this saaa valua of * x «rOT' * 
a aubaaquant tlma t 2 whan aln(2«ft 2 ) - sinUtft,). 
S Accordingly, «ooTP0T wllX substantially squal to 

B-« providad tha eapaeltanca C t U suf flclsnt to ^ 

maintain tba voltaga at tha output tarminal 132 at 
substantially this saaa valua during tha ramalndar.of th 
a.c. cycla whan T a is on and hanea tha powar FIT is off. 

10 Thus, sotting Iain{2»ft 1 ) substantially oqual to 1*2 a In * 
Equation (1), it follow thst U t is oqual to (V y -a). 
In an iliustrativa caaa. tha currant i supplisd by tha U 
T 4 is aqual to about 3 milliaapa, and tha thraahold V T -f 
of switching tranaiator T 2 lis oqual to about 2.5 volts/ 

IS ao that if ftj is sat oqual to about. 800 obna, than 0 is 
about 0.1 volt. 

Accordingly , tha comparator 303 acts as 
an ordinary comparator which da 11 vara a high lava! output^ 
(a vol tags oqual to approxlmataly 2B abova tha 

20 instantanaoua a.c. input) whan tha input (* IWUT ) 

dalivarad to ona of its input tarminals (311) sscaada 
input (B) dalivarad to anothar of its input tarminals (31 
lass tha proscribad amount a, and which dallvars s low 
laval output (assantlally aqual to tha instantanaoua a.o 

23 input) otbarvlaa. Xn othar words, tha comparator 303 
lncludas s laval shifting proparty at its nagativa Input 
tarminal 312, to wit, a voltaga laval down-shift of a. 
This down-shift proparty is thus incorporatsd in tho_ 
comparator 203 of MO. 2 as tha voltaga laval ahlftar 204 

30 In any avant, thla laval ahiftar 204 ahould bo salactad 
down-ablft tha voltaga appllod to tha input tarminal 212 
tha comparator 203 by a (small) prsscrlbod Mount, such 
thst tha comparator 203 dallvars its high laval output ai 
its output tarminal 21 S to tha gata alactroda tarminal 2a 

33 of tha powar FBT 201 whan and only whan tha Input vol tag 
to tha input tarminal 211 of tha comparator 203 axcaada 
paak of tha a.c. input voltaga dalivarad at tha circuit 
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input tinlml 231 leea the (email) preacribed Mount o; 
Typically the preacribed amount la about 0.1 volt for a 
S volt paak 1 of an a.c. Input voltage applied at tha 
circuit input terminal 231. 
S It abould ba noted that even though tha approach 

of ijHpot to tta paak I la relatively slow in time 
becauee of lta approach to a maximum, neverthelese tha 
turning off of tha awitching tranalator * 2 * M 
•xiPOT rttchts 8 u " **• prescribed amount 0, 

10 la a well-defined auddan procaaa. Tha suddenness of tha 
procaaa raaulta fro* tha well-def inad threshold of 
tranalator T 2 . - Thua tha tranalator T 2 advantageously 
baa a relatively aharp thraahold, that la, tha aourca-drain 
Impedance of T 2 haa a relatively ataap charactarlatlc aa 

15 plottad agalnat lta gate-to-eource voltage. 

It ahould ba recognised that tha ractiflar circuit 
arrangement* 200 and 300 ara half-wave ractlf iara and that, 
for full-wave ractlf lea t ion, and hanca atill smoother 

•OOTPOT' * ** iT ° £ " Ch ° f MCh cireults • bou i d 
20 connactad in a conventional full-wave ractiflar 

configuration. 

Although tha invention haa been deacrlbed in 
detail in tana of a apeclflc embodiment, verioue 
modification can ba made. 

2$ for eaample, inataad of tha power FBT, other 

switching tranaiatora with auitable power handling 
capability and auitable threshold can be uaad. Moreover, 
inataad of a voltage doubler (0 1 , C 1 , C^) , a 
voltage trlpler or other aource can be ueed. Finally, 

30 inataad of a level down-shifter at the negative input 
terminal of the comparator, a level up-ahifter at lta 
positive input terminal can be used. 
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Claim* 

1 . A rectif Ur circuit Including * power 
transistor device (201) having a first high currant 
carrying terminal (223) serving aa a rectifier circuit 
5 output terminal, a second high currant carrying tarmlnal '_ 
(222) tarring aa a ractitiar circuit input terminal, and • 
control terminal for turning the transistor device on and % 
off, and characterised by a comparator (203) having first"^ 
and second input terminals (211, 212) connected to the - 

10 rectifier circuit input and output terminals respectively • 
for supplying a control signal to the control terminal of j 
the power transistor device to turn the device on when thej 
voltage at the circuit input terminal exceeds the voltage * 
at the circuit output terminal less a prescribed amount* 

15 2. A circuit as claimed in claim 1 characterised* 

in that the comparator includes level shifting means (204)' 
Cor shifting the voltegc level applied to one of the 
comparator input terminals by the pcesecrlbed amount. 

3. A circuit as claimed in claim 2 characterised 
20 in that the level shifting means serves to down-shift the ± 

voltsge level applied to the second comparator Input 

terminal. ' 

4. A circuit as claimed in claim 2 characterls 

by a voltage multiplier (0, , 02' c 1 ' c 2 ) °° nn#ct#d 
23 between the circuit input terminal and a power supply 
terminal (214) of the oomparator. 

5. A circuit as claimed in plsim 4 characterised 
in that the multiplier Includes a first capacitor (C v ), 3 
and first unldlrectionally conductive means (D 1 ) 

30 connected between the circuit input terminal and a firat 
terminal of the first capacitor. 

I. A circuit as claimed in claim 5 characterised 
in that the first terminal of the first capacitor is 
connected to the circuit output terminal (232). 

33 7. A circuit as claimed in claim 4 characterised 

by a second capacitor (C 2 ) connected between the circuit 
input terminal and the comparator power supply, terminal, 



1 
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And second unidirectional ly conductive teens (0 2 ) 
connected between the circuit output terminal and the 
comparator power supply terminal. 

i. A circuit ae claimed in any preceding claim 
5 characterised in that the translator device ia a power 
FBT. 
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